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1 Introduction

In the RAN4 #73 meeting, the D2D demodulation requirements were discussed, and general agreements on the scope of demodulation performance tests were captured in WF [1], which are:
· Proposal 1: Consider demodulation performance requirements for D2D channels

· Discovery

· PSDCH

· Communications

· PSSCH

· PSCCH

· PSBCH

· PDCCH DCI Format 5 (FFS)

· Proposal 2: Consider to introduce performance test(s) to verify no impacts on the WAN demodulation performance in case of D2D discovery. Consider to introduce performance test(s) to verify WAN performance in case of D2D communication (when further RAN1 agreements are reached).

· Proposal 3: Do not define new BS UL demodulation requirements in case of D2D operation.

· Proposal 4: Further discuss the maximum number of independently tested links for D2D demodulation tests.

· Proposal 5: Further discuss procedure to enable testing of D2D demodulation performance. 

In this contribution, with respect to the above agreements, we would further discuss the D2D demodulation requirements, and provide our proposals on it. 
2 Discussion
2.1 D2D UE Capability

Regarding the D2D capability, based on the RAN1 agreements [2][3], the following D2D capability would be specified:

	4-1
	Discovery without D2DSS
	Support Type 1 and Type 2 discovery transmission/reception

	4-2
	Discovery with D2DSS
	1) Support Type 1 and Type 2 discovery transmission/reception
2) Support D2DSS transmission and reception

	4-3
	Communication
	1) Support Mode 1 and Mode 2 communication transmission/reception
2) Support PD2DSCH transmission and reception
3) Support D2DSS transmission and reception


So, from UE implementation point view, compared with feature 4-1, feature 4-2 is mainly used for inter-cell discovery, with additional implementation of D2D transmission/reception and synchronization procedure; meanwhile the feature 4-3 would require the UE could correctly demodulate the SA and data for communication. So, the related RAN4 performance requirements are needed to cover these three D2D capabilities.
Proposal 1: D2D performance requirements should be covered for the following D2D capabilities
· 4-1, discovery without D2DSS

· 4-2, discovery with D2DSS

· 4-3, communication 

Regarding the maximum D2D capability, based on the RAN agreements in [4], the maximum number of sidelink processes and maximum transport block size were defined as:
For D2D communication, from a receiving D2D UE perspective,

· The maximum number of Sidelink processes that a D2D UE is expected to handle is 16

· The maximum number of Sidelink transport block bits received within a TTI is set to 25456

· The maximum number of bits of a single Sidelink transport block is 25456

· SA and PD2DSCH are not included 

For D2D discovery, from a receiving D2D UE perspective, 

· The maximum number of Sidelink processes that a D2D UE is expected to handle is a UE capability which is one of {50, 400}
· The maximum number of transport block bits received within a TTI is set to 50*232
· The maximum number of bits of a single Sidelink transport block is 232 bits. 
With respect to the maximum number of sidelink transport block within a TTI, it’s similar with the sustained downlink data rate tests, which is usually used to verify the UE ability to handle maximum data rate. So, from this point of view, SDR liked tests cases should also be introduced for D2D communication and discovery.
Proposal 2: D2D SDR tests should be introduced to verify the UE ability to handle maximum data rate.
Based on agreements in WF [1], there is a remaining issue that “Further discuss the maximum number of independently tested links for D2D demodulation tests”. So, based on the RAN1 agreements on the maximum number of sidelink process and the maximum number of Prose Sync configuration “maxProseSyncConfig-r12 = 16”, the maximum number of independently links for D2D is summarized:
· For communication, considering that the maximum number of sidelink process for communication is 16, so at least a D2D UE is required to receiver communication signal from up to 16 independent intra-cell PSCCH/PSSCH.

· For discovery, considering that the maximum number of sidelink process for discovery is at least 50, so at least a D2D UE is required to receive discovery signals from up to 50 independent intra-cell PSDCH.
· For inter-cell scenarios, considering the maximum number of Pros Sync configuration is 16, which means a D2D UE is required to be able to keep time-frequency synchronization with synchronization signals.
Regarding the power level, from UE receiver antenna point of view, the reception power level would be different from independent D2D source, and such kinds of difference has a great impacts on the UE implementation and then the demodulation performance. 
Regarding the time and frequency offset, it should be mentioned that different scenarios would results in different values, such as intra-cell scenario, inter-cell synchronization scenario and inter-cell un-synchronization scenario. With respect to the different D2D features, the values might be different for feature 4-1/4-2/4-3.
Of course, from test procedure point of view, a large number of independent sidelink would enlarge the testing complexity and testing-cost, so the limitation from test equipment vendors should also be involved into consideration.
Based on above analysis, we propose that:

Proposal 3: Regarding the number of independently tested links for D2D demodulation tests, 

· The maximum number of sidelink supported by a D2D UE is 16 and 50 for communication and discovery
· Different power levels, time-frequency offset should be modelled for independently tested links
2.2 D2D scenarios

In this section, for the purpose of get the typical test parameters for D2D demodulation requirements, we would discuss the several D2D scenarios for the both discovery and communication, which are:

	Scenarios
	Reception D2D UE
	Transmission D2D UE

	1
	in-coverage
	in-coverage , intra-cell, in-coverage

	2
	in-coverage
	in-coverage , inter-cell, synchronization 

	3
	in-coverage
	in-coverage , inter-cell, un-synchronization

	4
	out-of-coverage
	in-coverage

	5
	out-of-coverage
	out-of-coverage

	6
	in-coverage
	out-of-coverage


For scenarios 1, the reception D2D UE and transmission D2D UE are attached with same eNB, so at least the frequency offset would be marginally between these two UE. But because it’s possible for these two UE to have different allocation and different distances between eNB and UEs, so the time-offset may still exist.
For scenarios 2, if reception D2D UE and transmission D2D UE are allocated in adjacent synchronization cells, then the a small time offset such as less than CP could be assumed between two UE, meanwhile, due to the frequency offset of two eNB, the frequency offset would also exist. Taking the legacy R.11 FeICIC demodulation performance for example, for inter synchronization cells, the parameters of time-frequency offset are [3us 300Hz] and [-1us -100Hz] for the 1st and 2nd strong interference cells.
For scenarios 3, if un-synchronization cases, a large time-offset would exist, such as x ms, and also the frequency offset would also exist, for example 300Hz.
For scenarios 4/5, the reception D2D UE would obtain the synchronization with transmission D2D UE by the D2DSS, so, the time-frequency offset between RX and TX would depend on the accuracy of synchronization with D2DSS, and to be clarified.
For scenarios 6, as the reception D2D UE is in-coverage and attached with eNB, so the time-frequency offset would depend on which synchronization information the out-of-coverage UE would use. Generally, this out-of-coverage D2D UE could obtain the synchronization with the help of in-coverage UE.
It should be mentioned that with respect to the D2D demodulation tests, the time-frequency offset is defined as the time-frequency offset between the synchronization source and the received D2D signal (discovery or communication). For example:

1) If the reception D2D UE is in-coverage, the time-frequency offset is the one between the signal from eNB and signal from D2D signal; 

2) If the reception D2D UE is out-of-coverage and has multi-sidelink connection, the time-frequency offset is the one between multi-sidelinks.

3) If the reception D2D UE is out-of-coverage and has only one sidelink connection, then the time-frequency offset become the accuracy of D2DSS based synchronization.

Based on the above analysis, we propose that:
Proposal 4: Regarding different D2D implementation scenarios, for D2D demodulation requirement, the time-frequency offset would be

· In intra-cell in-coverage scenarios, time and frequency offset could be, for example, [xus 0Hz]
· In synchronization inter-cell in-coverage, time and frequency offset could be, for example, [xus 300Hz]

· In un-synchronization inter-cell in-coverage, time and frequency offset could be, for example, [xms 300Hz]

· In out-of-coverage scenarios, time and frequency would depend on the procedure of D2DSS based synchronization.
2.3 demodulation requirements
In this section, we would discuss how to introduce demodulation performance requirements for D2D.
Based on the proposal 1, different demodulation performance requirements would be applied for D2D feature 4-1/4-2/4-3, and meanwhile, from UE reception point of view, different UE status should also be covered:
	Case
	UE D2D feature
	UE location
	D2D signal source
	Others

	1
	4-1
	in-coverage
	intra-cell, RRC_IDLE
	

	2
	4-1
	in-coverage
	intra-cell, RRC_CONNECTED
	type 2B

	
	
	
	
	

	3
	4-2
	in-coverage
	intra-cell, RRC_IDLE
	

	4
	4-2
	in-coverage
	intra-cell, RRC_CONNECTED
	type 2B

	5
	4-2
	in-coverage
	inter-cell, RRC_IDLE
	

	6
	4-2
	in-coverage
	inter -cell, RRC_CONNECTED
	type 2B

	
	
	
	
	

	7
	4-3
	in-coverage
	intra-cell, RRC_IDLE
	Mode 2

	8
	4-3
	in-coverage
	intra-cell, RRC_CONNECTED
	Mode 1

	9
	4-3
	in-coverage
	inter-cell, RRC_IDLE
	Mode 2

	10
	4-3
	in-coverage
	inter -cell, RRC_CONNECTED
	Mode 1

	11
	4-3
	in-coverage or out-of-coverage
	out-of-coverage
	Mode 1

	12
	4-3
	in-coverage
	eNB
	PDCCH DCI format 5

	
	
	
	
	


· Feature 4-1 related cases
Regarding the test case 1 and 2, from UE receiving point of view, the demodulation performances would be the same no matter the signal from the a RRC_IDLE D2D UE with type 1 or a RRC_CONNECTED UE with type 2B. So from this point of view, only one case from case1/2 is needed. 
· Feature 4-2 related cases
Regarding case 5/6, because the different UE implementations are needed to receiving the D2D discovery from intra-cell and inter-cell D2D source because of time offset issues, so the case 5/6 are required for inter-cell scenarios. 
· Feature 4-3 related cases
Regarding case 8, it should be mentioned that the different UE implementations are needed for receiving mode 1 and mode 2 data because the additional time adjustment is required for Mode-1 receptions, and different data resource pool for mode 1 and mode 2, so case 8 is needed.

Regarding case 9/10, similar with discovery, different UE implementations are needed for intra-cell and inter-cell D2D receptions. So case9/10 is needed.
Regarding the case 11, the UE behavior to receive the in-coverage and out-of-coverage D2D signals are also different, so case 11 for out-of-coverage receptions is needed.
Based on the above analysis, in summary, the following cases/scenarios should be covered by the D2D demodulation requirements:
Proposal 5: From the UE reception point of view, regarding the variable features, D2D mode/type and D2D scenarios, the following cases should be covered for D2D demodulation requirements 

· Feature 4-1

· Intra-cell, PSDCH

· Feature 4-2
· Intra-cell, PSDCH

· Inter-cell, PSDCH

· Feature 4-3
· Intra-cell, mode 1, PSSCH/PSCCH
· intra-cell, mode 2, PSSCH/PSCCH

· inter-cell, mode 2, PSSCH/PSCCH

· our-of-coverage, mode 2, PSBCH/PSCCH/PSSCH
2.4 D2D and WAN 

In this section, we will discuss the interaction of D2D and WAN for the purpose of define D2D performance requirements.
Firstly, based on the proposal xx, for the purpose of modelling the time-frequency offset for D2D reception, if the D2D reception UE is in-coverage, an eNB should be simultaneously modelled as the highest priority synchronization source for the D2D receptions UE to obtain the time-frequency synchronization. Meanwhile, the configuration of discovery, communication and synchronization would be distributed from eNB by the SIB18/SIB19/dedicated RRC signal.
Proposal 6: For D2D demodulation tests, if the D2D reception UE is in-coverage, besides the evaluated D2D sidelink, the downlink signal from an eNB should be explicitly modelled at least for the purpose of introducing time-frequency offset and providing D2D configurations. 

Then, based on the agreements in the last meeting about the impacts of D2D on the WAN demodulation performance, it’s proposed that: “Consider to introduce performance test(s) to verify no impacts on the WAN demodulation performance in case of D2D discovery. Consider to introduce performance test(s) to verify WAN performance in case of D2D communication (when further RAN1 agreements are reached).”
Before discussing the performance test(s), we would like to firstly discuss the potential impacts of D2D transmission and receptions on the WAN demodulation performance:
1) Whether the demodulation performance of downlink channel, such as PDCCH/PDSCH, get deteriorated if the UE is simultaneously required to receiver D2D signal.

· As the D2D UE would monitor and receive multiple sidelink and one downlink, which have different receiving power level and time-frequency offset, so compared with the only monitoring only downlink, switching receptions between multiple links would affect the demodulation performance on the certain downlink. Taking PDCCH DCI-5 for example, with the same payload size as DCI 0, it’s to be clarified whether the same performance requirements could be applied on DCI-0 and DCI-5.
· Regarding the soft-buffer issues, for certain UE who share the soft-buffer for D2D receptions and cellular downlink receptions, the demodulation performance is possible to be affected if there isn’t sufficient soft-buffer to cellular downlink receptions. 

· Others
2) Whether the downlink channel is neglected/miss-detected because of the D2D receptions.
· It’s RAN1 agreements that the “if UE reception capabilities are limited as a given time, cellular DL has highest priority”, while for certain UE with a shared D2D-cellular RX chain, it’s possible and reasonable for such UE to miss some cellular downlink receptions. For the purpose of evaluating the impacts of miss-detection and limiting such miss-detection under a tolerable level, certain demodulation performance would be necessary. 
3) Whether the cellular UL channel is interrupted/miss-transmitted because of the D2D receptions.
· It’s RAN1 also agreements that the “if UE transmission capabilities are limited as a given time, cellular UL has highest priority”, as the cellular uplink transmission is mainly scheduled by eNB and could be expected, so the UE is able to guarantee the absolute highest priority of uplink transmission in case corresponding downlink receptions is not affected. For the purpose of verifying such UE behaviour, certain demodulation requirements would be needed.
4) Whether the D2D UE follows the eNB’s instruction to transmit or receive the D2D signals.
· For in-coverage cases, the eNB would instruct the D2D behaviour to transmit and receive the D2D signals by the SIB18/SIB19 and dedicated RRC signal, so it’s very important to guarantee the UE would follow the instruction from eNB, such as:

· Regarding communication mode 1, the D2D UE shall follow the DCI-5 to apply the resource allocation and power control for PSCCH and PSSCH, apply the TA and frequency hopping for PSSCH

· Regarding discovery type 1, the D2D UE shall follow the discoveryTxProbability in SIB19 to perform D2D discovery transmission

· Others 
Based on the above analysis, we suggest that at least following two kinds of test cases are required to evaluate the impacts of D2D receptions and transmission on cellular network. 
1. Demodulation requirements of PDCCH DCI-5, with simultaneous D2D receptions and transmission
· Test purpose: 
· verify the impacts of performance degradation due to multi-link connection/switching
· verify the miss-detection 
· verify whether the D2D following the information in DCI-5 to perform D2D transmission

· Test metric: demodulation requirements (such as xx dB @1% PDCCH BLER)

2. Demodulation requirements of PDSCH, with simultaneous D2D receptions and transmission

· Test purpose:
· verify the impacts of performance degradation due to multi-link connection/switching and soft-buffer issues
· verify the uplink transmission of ACK/NCK 

· Test metric: demodulation requirements (such as xx dB @70% maximum throughput)

3. Others FFS

Based on the above analysis, we propose that:
Proposal 7: For the purpose of verifying the impacts of D2D receptions and transmission on WAN, following demodulation requirements could be introduced:
· Demodulation requirements of PDCCH DCI-5, with simultaneous D2D receptions and transmission

· verify the impacts of performance degradation due to multi-link connection/switching

· verify the miss-detection 

· verify whether the D2D following the information in DCI-5 to perform D2D transmission

· Test metric: demodulation requirements (such as xx dB @1% PDCCH BLER)

· Demodulation requirements of PDSCH, with simultaneous D2D receptions and transmission

· verify the impacts of performance degradation due to multi-link connection/switching and soft-buffer issues

· verify the uplink transmission of ACK/NCK 

· Test metric: demodulation requirements (such as xx dB @70% maximum throughput)

· Other is not precluded.

3 Conclusion
In this contribution, we discuss the performance requirements for D2D receptions, and for cellular downlink/uplink. Based on our discussion and analysis, we propose that:

Proposal 1: D2D performance requirements should be covered for the following D2D capabilities
· 4-1, discovery without D2DSS

· 4-2, discovery with D2DSS

· 4-3, communication 

Proposal 2: D2D SDR tests should be introduced to verify the UE ability to handle maximum data rate.
Proposal 3: Regarding the number of independently tested links for D2D demodulation tests, 

· The maximum number of sidelink supported by a D2D UE is 16 and 50 for communication and discovery
· Different power levels, time-frequency offset should be modelled for independently tested links
Proposal 4: Regarding different D2D implementation scenarios, for D2D demodulation requirement, the time-frequency offset would be

· In intra-cell in-coverage scenarios, time and frequency offset could be, for example, [xus 0Hz]

· In synchronization inter-cell in-coverage, time and frequency offset could be, for example, [xus 300Hz]

· In un-synchronization inter-cell in-coverage, time and frequency offset could be, for example, [xms 300Hz]

· In out-of-coverage scenarios, time and frequency would depend on the procedure of D2DSS based synchronization.

Proposal 5: From the UE reception point of view, regarding the variable features, D2D mode/type and D2D scenarios, the following cases should be covered for D2D demodulation requirements 

· Feature 4-1

· Intra-cell, PSDCH

· Feature 4-2

· Intra-cell, PSDCH

· Inter-cell, PSDCH

· Feature 4-3

· Intra-cell, mode 1, PSSCH/PSCCH

· intra-cell, mode 2, PSSCH/PSCCH

· inter-cell, mode 2, PSSCH/PSCCH

· our-of-coverage, mode 2, PSBCH/PSCCH/PSSCH

Proposal 6: For D2D demodulation tests, if the D2D reception UE is in-coverage, besides the evaluated D2D sidelink, the downlink signal from an eNB should be explicitly modelled at least for the purpose of introducing time-frequency offset and providing D2D configurations. 

Proposal 7: For the purpose of verifying the impacts of D2D receptions and transmission on WAN, following demodulation requirements could be introduced:

· Demodulation requirements of PDCCH DCI-5, with simultaneous D2D receptions and transmission

· verify the impacts of performance degradation due to multi-link connection/switching

· verify the miss-detection 

· verify whether the D2D following the information in DCI-5 to perform D2D transmission

· Test metric: demodulation requirements (such as xx dB @1% PDCCH BLER)

· Demodulation requirements of PDSCH, with simultaneous D2D receptions and transmission

· verify the impacts of performance degradation due to multi-link connection/switching and soft-buffer issues

· verify the uplink transmission of ACK/NCK 

· Test metric: demodulation requirements (such as xx dB @70% maximum throughput)

· Other is not precluded.
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